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By John P. Porcari and Carl I osier 



The structure and function of the human body allow an extraordinarily wide 
range of possible movements requiring very complex interactions of neuro- 
muscular coordination and metabolism. For example, a pole vaulter needs to 
be abie to couple the coordination and agility to maneuver over the crossbar 
with the explosive burst of energy needed to sprint down the runway. At the other extreme, 
an ultramarathoner needs to be able to generate low levels of energy repetitively for pro- 
longed periods of time. 
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The study of exercise physiology allows 
an understanding of how the body responds 
to the varied demands placed on it by exer- 
cise. It is essential that the group fitness 
instructor understands the basics of exer- 
cise physiology so that he or she can. design 
safe and effective exercise programs. 

Physical Fitness 



Before discussing the specific effects of 
exercise on the body, it is Important to 
realize thai there are several areas that 
contribute to overall "physical fitness" and, 
hence, different body systems that need to 
be trained appropriately. Physical fitness is a 
complex concept that has different meanings 
to different people. In this manual, physical 
fitness refers to the capacity of the heart, 
blood vessels, lungs, and muscles to function 
at a high level of efficiency. A person who is 
physically fit has an enftanoed functional 
capacity that allows for a high quality of life. 
Although a somewhat vague phrase, quality 
o* life generally implies an overall positive 
feeling and enthusiasm for life and the ability 
to do enriching and enjoyable activities with- 
out fatigue or exhaustion from routine and 
required activities. A high level of physical lit- 
-•hhs allow:-, poop r to -orrtnrf.qblv pe^orm 
their required daily tasks and enables them to 
participate in additional pleasurable activities 
for personal enjoyment As physiological or 
functional capacity increases, one's capacity 
for physical activity or exercise also 
increases. In other words, a person can lift 
heavier weights or run farther or faster— in 
short, can participate in more strenuous 
activities. Being physically fit makes possi- 
ble a lifestyle that the sedentary cannot 
enjoy. Increased physical fitness is often 
reflected by physiological adaptations, such 
as a lowered heart rate during a standard- 



ized exercise test or an improved ability to 
mobilize and use body fuels. A high level of 
physical fitness implies optimal physical per- 
formance and good health. 

There are five major components of physi- 
cal fitness. It should be noted that the com- 
ponents are health-related as opposed to 
skill-related. The development of a high 
degree of motor skill is sometimes confused 
with physical fitness, but these two attnbutes 
are not necessarily related. A highly skilled 
person may have a low level of physical fit- 
ness, and the reverse may also be true. 
Motor skill (sometimes referred to as motor 
performance or motor fitness) is thought to 
be related to such attributes as agility, bal- 
ance, speed, power and coordination - 
terms that defy precise definition but can 
profoundly affect a person's overall health or 
quality of life (e.g., balance deficits have 
been consistently linked to a greater -isk of 
falling in older adults). Additional information 
on thsese skill-related components of fitness 
can be obtained on the ACE website 
(www.acefitness.org/FitFacts). 
The five components of physical fitness are 

as follows; 

1 . Muscular strength is the maximal force 
a muscle or muscle group can exert during 
contraction. Muscular strength is essential for 
normal everyday functioning, and is required 
to lift and carry objects (e.g., groceries, suit- 
cases) in daily life. Adequate muscular 
strength may become even more important 
as people age. In many cases, for instance, 
the elderly are not able to walk up stairs or 
get up out of a chair due to inadequate 
strength in the lower extremities. 

2. Muscular endurance is the ability of a 
muscle or muscle group to exert force 
against a resistance over a sustained period 
of time. Muscular endurance is assessed by 
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measuring the number of times (repetitions) 
that a given task can be performed without 
fatigue. Many everyday activities require a 
significant amount of muscular endurance 
(e.g., walking up stairs, shoveling snow). 

3. Cardiovascular or cardiorespiratory 
endurance (sometimes referred to as aero- 
bic power or aerobic fitness) is the capaci- 
ty of the heart, blood vessels, and lungs to 
driver oxygen and nutrients to the working 
muscles and tissues during sustained exer- 
cise and to remove the rnetabofic waste 
products associated with fatigue. Efficient 
tunc! oning at the cardiorespiratory system 
is essenliaJ for physical activities such as 
walking, running, swimming, and cycling. 
The performance of regular, moderately 
intense aerobic exercise is the key to devel- 
oping and maintaining an efficient car- 
diorespiratory system. 

4. Flexibility is the ability to move joints 
through their normal full range of motion 
(ROM) An adequate degree of flexibility is 
important to prevent musculoskeletal injuries 
and to maintain correct body posture. 

5. Body composition rs the makeup of 
the body considered as a two-component 
model; lean body mass and body fat. The 
lean body mass consists of the muscles, 
bones, nervous tissue, skin, blood, and 
organs. These tissues have a high metabolic 
rate and make a direct and positive contri- 
bution to energy production during exercise. 
The primary role of body fat or adipose tis- 
sue, is to store energy for later use. Body 

fat does not normally contribute in a direct 
sense to exercise performance. Body fat is 
lurther classified into essential body fat 
and storage body fat Essential body fat is 
that amount of fat thought to be necessary 
for maintenance of life and reproductive 
function; 2 to 5% body fat is generally 



thought to be essentia] for men, and 10 to 
1 3% for women. (Percent body fat refers to 
the percentage of the total body weight that 
is fat.) Storage fat is contained in the fatty 
deposits or fat pads found under the skin 
(subcutaneous fat) and deep inside the 
body (internal fat). A laige amount of stor- 
age fat is considered excess fat and results 
in the condition referred to as obesity. 

Bioenergetics of Exercise 



The body's cells require a continuous 
supply of energy to function. 
Ultimately, the food people eat sup- 
plies thfs energy. However, the cells do not 
directly use the energy contained in the 
food. Rather, they need a chemical com- 
pound called adenosine triphosphate, or 
ATP. ATP is the immediately usable form of 
chemical energy needed for all cellular func- 
tion, including muscular contraction. 

Foods are made up of carbohydrates, 
fats, and proteins. The process of digestion 
breaks these nutrients down to their sim- 
plest components (glucose, fdtty acids, 
and amino acids), which are absorbed into 
the bfood and transported to metabolically 
active cells, such as muscle, nerve, or liver 
cells. These components either Immedfately 
enter a metabolic pathway to produce ATP 
or are stored in body tissues for later use. 

For example, excess glucose will be 
stored as glycogen in muscle or liver cells. 
Fatty acids that are not immediately used 
for ATP production wilf be stored as adipose 
tissue (body fat). In contrast, relatively little 
of the protein (amino acids) a person eats is 
used for energy production. Instead, it is 
used for the growth or repair of cellular 
structures or is excreted in waste products, 
Figure 1.1 summarizes the fate of carbohy- 
dtetes, fats, and proteins. 
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Figure 1,1 
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Stored ATP— The Immediate 
Energy Source 

ATP is a complicated chemicaJ structure 
made up of a substance called adenosine and 
three simpler groups of atoms called phos- 
phate groups (P). Special high-energy bonds 
exist between the phosphate groups (Figure 
1 ,2a). Breaking the terminal phosphate bond 
releases energy (E) that the cell uses directly 
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to perform its cellular function (Figure 1 _2b). 
The specific cellular function performed 
depends on the type of cell. In a muscle cell, 
the breakdown of ATP allows the mechanical 
work known as muscular contraction. If ATP is 
not available, muscle contraction stops. 

While ATP can be stored within the cells, the 
amount stored and immediately available for 
muscle contraction is extremely limited, suffi- 
cient for only a few seconds of muscular 
work. Therefore, ATP must be continuously 
resynlhesized. ATP can be resynthesized in 
several ways: immediately by the phosphagen 
system, somewhat more slowly with the 
anaerobic production of ATP from carbohy- 
drate, or Still more stowfy with the aerobic pro- 
duction of ATP from either carbohydrate or fat. 
All three energy pathways are always active, 
but their relative activity varies from move- 
ment to movement, depending on the 
momentary level, of muscular activity. 
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The Phosphagen System 

Creatine phosphate (CP) is another hlgh- 
ervargy phosphate compound found within 
muscte cells. Together, ATP and CP are 
referred to as the phosphagens. When ATP is 
broken down for muscular contraction, it Is 
resyrthesized very quickly from the break- 
down of CR The energy released from break- 
ing the high-energy phosphate bond in CP is 
used to reconstitute ATP from adenosine 
diphosphate (ADP) and P (ihe phosphate 
group broken off from ATP), by-products of 
the initial reaction. This process is shown in 
Figure 1,3. 

The total amount of ATP and CP stored in 
muscle is very small, and thus the amount of 
energy available for muscular contraction is 
axlremety United. There is probably enough 
energy available from the phosphagens for 
only about 10 seconds of all-out exertion. 
However, this energy is instantaneous^ aval- 
able for muscular contraction, and therefore is 
essential at the onset of physical activity and 
during short-term, high-intensity activities 
such as sprinting, performing a weight-lifting 
movement, or leaping across a stage. 

Anaerobic Pr&duction of ATP 
From Carbohydrate 

The anaerobic production of ATP from car- 
bohydrate is known as anaerobic glycolysis. 
Anaerobic literally means "without the pres- 
ence of oxygen," and glycolysis refers to the 
breakdown of glucose or its storage form s 
glycogen. Thus, anaerobic glycolysis is a 
metaboSc pathway that does not require oxy- 
gen, the purpose of which is to transfer energy 
contained in glucose (or glycogen) to the for- 
mation of ATR 

Anaerobic glycolysis is capable of produc- 
ing ATP quite rapidly and thus is required 
when energy (ATP) is needed to perform aciiv- 
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(ties requiring large bursts of energy over 
somewhat longer periods of time than the 
phosphagen system allows, This metabolic 
pathway occurs wrthwi the cytoplasm of the 
cell and involves the inconr*plete breakdown of 
glucose (or glycogen) to a simpler substance 
called pyruvate. If exercise intensity is very 
high and adequate amounts of oxygen are not 
available, pyruvate is converted into lactate, 
as indicated in Figure 1 4a. Lactate may be 
transported out of the active cell and used for 
energy by other cells in the body. 
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The formabon of lactate poses a significant 
problem because it is associated with 
changes in muscle pH (acidity) and eventual 
muscle fatigue when it accumulates in large 
amouits. tf the removal of lactate by the cir- 
culatory system cannot keep pace with its 
production in the active muscles, temporary 
muscle fatigue may occur with painful symp- 
toms, usually referred to as "the bum." Thus, 
anaerobic glycolysis can only be used to a 
limited extent during sustained activity, but 
provides the main source of ATP for high- 
intensity exercise lasting up to a maximum of 
approximately three minutes. 

Aerobic Production of ATP 
From Carbohydrate or Fat 

The aerobic production of ATP is used for 
activities requiring sustained energy produc- 
tion. Since aerobic liter? ly ~neans "in the 
presence of oxygen," aerobic metaboiic path- 
ways require a continuous supply of oxygen 
delivered by the circulatory system. Without 
oxygen, these pathways cannot produce ATR 

The metabolic pathway, called aerobic gly- 
colysis or oxidative glycolysis, occurs within 
highly specialized cell structures called the 
mitochondria. Mitochondria, which are often 
called the powerhouses of the cell, contain 
specific enzymes (oxidative enzymes) need- 
ed by the cell to utilize oxygen. This highly effi- 
cient metabolic process is limited rrainly by 
the capacity of the cardiorespiratory system 
to deliver oxygen to the active cells. When 
sufficient oxygen is available, pyruvate is con- 
verted into acetyl-CoA, which enters the 
Krebs cycle and the electron transport sys- 
tem, produces substantial amounts of ATP 
(Figure 1 .4b) r and produces C0 2 and fyO as 
easily removable waste products. 

Aerobic pathways are also available to 
break down fatty acids {the digested compo- 



nent of dietary fat] for the production of ATP. 
This metabolic pathway, called fatty acid oxi- 
dation. or beta oxidation, also occurs within 
the mitochondria and requires a continuous 
supply of oxygen (as does aerobic glycolysis). 
The aerobic metabolism of fat yields a very 
large amount of ATP; therefore, fat is said to 
have a high caloric density. A calorie is a unit 
of energy. Fat yields 9 kitocalories of energy 
per gram compared to 4 kilocalories of energy 
per gram of glucose. That is why body fat is 
such an excellent source of stored energy 
(and so hard to get rid of). 

At rest, the body uses both glucose and 
fatty ae ds for ^e-gy production via aerobic 
pathways. The cardiorespiratory system can 
easily supply the oxygen necessary for this 
low rate of energy metabolism. With exercise, 
however, supplying the required amount of 
oxygen rapidly enough becomes more diffi- 
cult. Because glucose metabolism requires 
less oxygen than fatty acid metabolism, the 
body will use more glucose for energy pro- 
duction and less fat as exercise intensity 
increases. Table 1.1 provides a summary 
and comparison of the aerobic and anaerobic 
systems of ATP production. 

Training 

The various energy systems adapt to 
repetitive stress, meaning that they demon- 
strate a training effect. There is evidence 
that the concentrations of CP and ATP pre- 
sent in the muscle increase with training, 
particularly following high- intensity training 
that is likely to cause depletion of the phos- 
phagens. Similarly, there is evidence to sug- 
gest that high-intensity training increases 
both the ability to transport lactate out of 
the muscle and the ability to buffer acid 
metabolites. There are profound adapta- 
tions to aerobic training, due to both central 
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and peripheral changes. The ability of the 
heart to pump blood (cardiac output} 
(increases, primarily as a result of an 
increase in stroke volume. The ability of the 
muscles to utlfize oxygen to produce ATP 
also increases due to an increase in the 
number of mitochondria in the active mus- 
cles- Collective^, these changes result in an 
increase In an individual's aerobic capacity. 

Muscles and Metabolism 

Muscles are composed of several kinds of 
fibers that differ in their ability to utilize the 
metabolic pathways outlined above. Fast- 



twitch (FT) fibers are rather poorly 
equipped in terms of the oxygen delivery 
system, but have an outstanding capacity 
for the phosphagen system and a very high 
capacity for anaerobic glycolysis. Therefore, 
fast-twitch fibers are specialized for anaero- 
bic metabolism. They are recruited by the 
nervous system predominantly for rapid, 
powerful movements such as jumping, 
throwing, and sprinting. 

Slow-twitch (ST} fibers, on the other hand, 
are exceptionally well ©quipped for oxygen 
delivery and have a high quantity of aerobic, 
or oxidative, enzymes. Although they do not 
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Comparison of Anaerobic and Aerobic Systems of ATP Production 
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have a highly developed mechanism for use 
of the phosphagens or anaerobic glycolysis, 
ST fibers have a large number of mitochon- 
dria and, consequently, are particularly well 
i*k:s gned fur ae f cb c glycolysis and fatty 
acid oxidation. Thus, ST fibers are recruited 
primarily for low-intensity, longer-duration 
activities such as walking, jogging, and 
swimming. 

Most people have roughly equal percent- 
ages of both fiber types. Persons who excel 
in activities charactenzed by sudden bursts 
of energy, but who tire relatively rapidly, 
probably have a high percentage of fast- 
twitch fibers. Persons who are best at 
lower-intensity endurance activities proba- 
bly have a large percentage of slow-twitch 
fibers. There are also a number of "interme- 
diate" muscle fibers that have a fairly high 
capacity for both fast anaerobic and slow 
aerobic movements. 

Muscle fiber distribution (fast twitch, 
intermediate, or slow twitch) is determined to 
a large extent by genetic makeup. This is not 
to say, however, that muscle fiber type is unre- 
sponsive to activity. All three types of muscle 
fiber are highly trainable; that is, they are capa- 
ble of adapting to the specific metabolic 
demands placed on them. If a person engages 
reguAarly in low-intensity endurance activities, 
aerobic capacity will improve. Although all 
three types of muscle fiber will show some 
improvement in aerobic ability, the ST fibers 
wil be most responsive to this kifXl of training 
and will show the largest improvement in aero- 
bic capacity. If, on the other hand, short-dura- 
Boili high-intensity exercise such as interval 
training is performed regularly, other metabolic 
pathways will be emphasized, and the capabil- 
ities of the FT fibers to perform anaerobically 
wil be enhanced. ST fibers are less responsive 
to this kind of training. 



It is important for group fitness instructors 
to have a thorough understanding of the 
different metabolic systems to develop 
specific exercise programs that will enable 
participants to achieve desired results. As 
discussed, exercise intensity and duration 
is directly related to the continuum of meta- 
bolic pathways and movement patterns. 
For example, including quick, explosive 
movements specific to the use of the phos- 
phagens and anaerobic glycolysis in a work- 
out will be ineffective if the goal of the exer- 
cise program is to develop cardiorespiratory 
endurance This concept, known as exercise 
specificity, is one of the most important 
principles of exercise physiology. 

The Neuromuscular System 

Group fitness instructors need to 
understand how a motor skill Is 
executed. Such an understanding 
requires a basic appreciation of the neuromus- 
cular system, which includes both the nervous 
and musculoskeletal systems. The nervous 
system is responsible for coordinating move- 
ment, wtnile the musculoskeletal system is 
responsible for carrying out the movement. 

Basic Organization 
of the Nervous System 

Tine basic anatomical unit of the nervous 
system is the neuron, or nerve ceil. There are 
two kinds of neurons: sensory and motor. 
Sensory neurons convey electro-chemical 
impulses from sensory organs in the periphery 
(such as the skin) to the spinal cord and the 
brain (called the central nervous system, or 
CNS). Motor neurons conduct impulses from 
the CNS to the periphery. Because the motor 
neurons carry electrical impulses from the 
CNS to the muscle cells, they signal the mus- 
cles to contract or to relax and, therefore, reg- 
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utate musciLjlar movement. The endings of 
the motor neuron connect, or synapse, with 
muscle cells in the periphery of the body. 
This motor neuron-muscle cell synapse is 

:- . !♦ :: ii-H riMuroi-usCu ar |..i idion, u- malar 

end plate (Figure 1.5). The basic functional 
unit of the neuromuscular system is the 
motor unit, which consists of one motor 
reuron and the muscle cells that it inner- 
vates, Motor units are arranged according 
to muscle fiber type. A neuron capable of 
conducting nervous impulses very rapidly 
synapses with the ceils of fast-twitch mus- 
cle fibers. The cells of slow-twitch rnuscte 
fibers are controlled by somewhat slower- 
conducting neurons. 
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Figure 1.5 

Basic anatomical 
structure of a 
motor neuron (or 
nerve cell) and 
motor end plate 



Basic Organization 

of the Muscular System 

The skeletal muscte is a complex tissue. 
Bas cally, muse e is yurni.ncec by a layer of 
connective tissue called the epimysium. At 
the ends of a muscle, the epimysium thick- 
ens into a tendon that connects the muscle 



to the bone. Sublayers of connective tissue 
further divide each muscle into bundles of 
individual muscle cells, and, finally, each 
individual muscle fiber is covered by the 
endomysium (Figure 1.6). 

An individual muscle cell is composed 
of many thread-like protein strands called 
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myofibrils that contain the contractile pro- 
teins. The basic functional unit of the myofibril 
is the sarcomere. Within the sarcomere are 
two protein myofilaments: the thick myofila- 
ment is myosin* and the thinner myofilament 
is actin {see Figure 1 .6), The myosin and actin 
myofilaments are arranged to interdigitate in a 
prescribed, regular way, resulting in a pattern 
of alternating light and dark bands, or stria- 
tums, within the sarcomere. Tiny projections 
Galled cross-bridges extend from the myosin 
myofilaments toward the actin myofilaments. 
According to the sliding filament theory, 
muscutar contraction occurs when the 
cross-bridges extending from the myosin 
myofilaments attach (or couple) to the actin 
myofilaments and pull them past the myosin 



myofilaments. As the cross-bridges pro- 
duce tension, the muscle shortens. The 
actual muscle shortening occurs as the 
actin myofilaments are pulled toward the 
center of the sarcomere, and the sarcomere 
shortens (Figure 1 -7). The coupling of 
myosin and actin and the shortening 
process are dependent upon the availability 
of ATP to link actin and myosin and to pro- 
vide the energy to allow shortening to occur. 

Types of Muscular Contraction 

What is described above is a form of iso- 
tonic muscular contraction, in that there is 
joint movement when the muscle is stimulat- 
ed. Tension (or force) develops throughout the 
muscle as it contracts, but the tension 
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changes with the total length of the muscle 
and the angle of the joint. The greatest force is 
generated at the muscled optimal length, 
where ttie actin and myosin myofilaments are 
alined so that the largest number of cross- 
bridges bertween the myofilaments is activated 
simultaneously. At all other lengths, fewer 
cross-bridges are simultaneously coupled to 
actin myofilaments and, therefore, tess force 
can be developed. The relationship of muscle 
tension (force) to muscle length during an iso- 
tonic contraction is illustrated in Figure 1 ,8a. 

There are two types of isotonic contraction: 
concentric and eccentric- A concentric 
contraction occurs when the muscle short- 
ens when it is stimulated. An eccentric con- 
traction is the opposite of a concentric con- 
traction in that the muscle develops tension 
as it lengthens against a resistance {rather 
than as it shortens against a resistance)- This 
is sometimes called "negative work." Using 
walking up and down a flight of stairs as an 
example, going up the stairs requires the 
quadriceps muscle group to contract con- 
centrically (shortening and lifting the weight 
of the body against gravity), while going 
down the stairs requires the quadriceps to 
contract eccentrically (slowly lengthening 
and towering the weight of the body with 
gravity). In typical weight-lifting movements, 
eccentric contractions usually follow concen- 
tric contractions. 

Isometric muscular contractions occur 
when actual muscle shortening does not take 
place. Since no joint movement occurs, this 
type of contraction is sometimes referred to 
as a static contraction, An example of an iso- 
metric muscle contraction is holding a weight 
at arm's length or attempting to move an 
fimovabie object (e.g„ exerting force out- 
ward .acainsi a dour frarrej. Isomeric ::•■■:■■ 
cises are often used during physical rehabili- 
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tation and physical therapy when a joint has 
been injured. By contracting the muscles 
tsamnetrically, an individual can maintain or 
increase muscular strength without aggra- 
vating the injured joint, ft should be remem- 
bered, however that because no joint 
movement is taking place, increases in 
strength are very specifrc to the joint angle 
at which the contractions are carried out 
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and that contractions should be carried out 
at several joint angles. 

Isokinetic contractions, in outward appear- 
ance, look much like isotonic contractions. In 
an isotonic contraction, however, tension with- 
in the muscle changes throughout the range of 
motion. To accomplish an isokinetic contrac- 
tion, special equipment is required to alter the 
resistance offered to the muscle as it contracts 
ad a constant velocity. This approach is some- 
times referred to as "accommodating-resis- 
tance" or "variable-resistance* exercise. 
Isokinetic exercise enables maximal tension to 
develop in a muscle throughout its entire range 
of motion (Figure 1 .8b). With isotonic exercise, 
the maximal amount of weight that can be lift- 
ed corresponds to a weight that can be lifted 
through the weakest point in the rarwje of 
motion. Thus, the muscle is only developing 
maximal tension at that point and tension 
development {as a percentage of maximal ten- 
sion} varies throughout the rar>ge of motion. 

Muscular Strength and Endurance 

Resistance-training programs can be 
designed to improve either muscular 
strength or muscular endurance. While 
there is considerable overlap in the training 
responses, there are several key differ- 
ences. The sections below discuss how the 
principle of specificity applies to these two 
components of physical fitness. 

Muscular Strength 

Strength refers to the maximal tension or 
force produced by a muscle or muscle group, 
Strength is usually measured by determining 
how much weight can be lifted in a single effort. 
The one-repetition maximum (1 -RM) test is 
determined through a trial-and-enor procedure 
using either free weights (barbeis ard weights) 
or special machines (e.g., dynamometers, 



selectorized equipment, multi-station gym). 
Most often, 1 -RM tests are completed for 
the following muscle groups: (a) the bench 
press for the muscles of the chest and 
upper arms; (b} the arm curl for the muscles 
on the anterior aspect of the upper arms; 
and (c) the leg press or squat for the mus- 
cles of the upper leges and hips. 

Programs designed specifically to develop 
muscular strength should use a high-intensity 
(80 to 90% of 1 RM), low-repetition format 
(fewer than eight repetitions), and the move- 
ments should be performed carefully at a con- 
trolled speed so there is a consistent applica- 
tion of force throughout the movement. Good 
posture and body mechanics are extremely 
important to avoid injury, as is breathing prop- 
erty and avoiding the Valsalva maneuver, 
which occurs when the breath is held while a 
great deal of force is exerted- When the breath 
is held, the glottis in the back of the throat is 
closed. Exerting force with the glottis closed 
results in an increase in pressure within the 
chest cavity (intrathoracic pressure). This 
increase in pressure squeezes down on the 
large veins in the chest cavity, impeding 
venous return <blood flow back to the heart). If 
blood flow back to the heart is impeded, the 
heart has less blood to pump out. As a cons^ 
quence, there is less flow of blood and oxy- 
gen to the brain, and dizziness and fainting 
nay occur, t is generally recommended that 
people exhale when they btb performing the 
concentric phase of a lift and inhale during the 
eccentric phase. 

Movements requiring a high level of 
strength recruit both ST and FT muscle fibers. 
Because little total work is done, strength- 
training movements do not require or develop 
a high level of aerobic capacity because the 
muscles are using primarily the phosphagen 
PfflP-CP) system. And, because strength 
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training is relatively stressful on the connective 
tissues and musoutar structures of the body; it 
is usually recommended that heavy strength 
training be performed only two or three times 
per week. It is important that the muscles and 
supporting structures be given time to recover 
sufficiently between workouts. At the same 
time, strength trailing can help support bone 
haaHh during agir>g. 

Muscular hypertrophy is often associated 
with a strength-development program. This 
hypertrophy is the result of an increase in the 
size of individual muscle cells. The increase in 
size s due to a proliferation of actin and 
myosin myofilaments within the myofibrils, 
especially within the fast-twitch muscle fibers. 
One common misconception is that women 
will develop "large" muscles if they strength- 
train, Generally, women do not experience 
muscular hypertrophy to the same extent as 
men, because the male hormone testosterone 
is important in synthesizing the contractile 
proteins. Nevertheless, women will increase 
substantially in strength in response to a pro- 
gressive strength-training program. 

Consistent with the reversibility principle, 
training adaptations will gradually decline if 
not reinforced by a maintenance program. 
With muscle disuse, as in paralysis, muscle 
atrophy, or wasting, occurs. Strength training 
even once per wee* appears to be sufficient 
to maintain strength gains and muscle size. 

Muscular Endurance 

Endurance refers to the ability to repeatedty 
contract a muscle or muscle group against 
resistance. Tests of muscular endurance usu - 
aly involve selecting a fixed percentage of the 
maximum strength {e.g., 70% of the 1 RM) 
and counting the number of repetitions that 
can be completed without resting. Sit-up or 
pull-up tests are other examples of muscular- 



endurance tests (not of strength tests, as is 
often thought). 

It is usually recommended that muscular- 
endurance training be conducted using a 
moderate-resistance (40 to 70% of 1 RM). 
high-repetition {10 to 50 repetitions) format. 
Because this type of format is not as stress- 
ful to the muscles and connective tissue, 
muscular-endurance training can be com- 
pleted as often as three to five times per 
week for maximum results. If training for a 
particular sport, the speed of contraction 
should be matched to the rate required dur- 
ing performance. 

Training for muscular endurance is specific 
to both ST and FT muscle fibers and motor 
units. Training increases the concentration of 
oxidative enzymes that extract oxygen from 
the blood in both types of fibers, thus making 
energy production more efficient, An increase 
in tissue vascularity, or an increase in the 
number and size of blood vessels, often 
accompanies this type of program. Increased 
vascularity enhances blood supply and r con- 
sequently, oxygen delivery to the myofibrils. It 
also aids in transporting metabolites, such as 
lactate, away from the contracting muscle. 

Flexibility 

Hexibi ty refers to the range of motion (ROM) 
possible about a joint. Flexibility is often related 
to age: Young children are usually extremely 
flexible, while the elderly gradually lose much 
of the flexibility they had as younger adults. 
With specific flexibility training, the muscles 
and connective tissues adapt by elongating, 
thus increasing the range of motion. 

ROM can be limited by the bony structure 
of a joint, the ligamentous structure of a 
joint, or the musculotendinous structure of 
the muscle(s) spanning the joint. The bony 
structure of a joint is a self-limiting factor 
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that cannot be altered. A joint ligament {the 
fibrous band connecting bones) or joint cap- 
sule should not be stretched, because doing 
so leads to an unstable faint faint laxity) and 
an increased risk of joint injury. Therefore, the 
onty desirable way to alter that range of 
motion is by gently stretching the musculo- 
tendinous structures controlling the move- 
ment of the joint- These structures can some- 
times become extremely taut, causing a 
reduction in the normal range of motion. 

Flexibility may be related to the incidence of 
acute muscle injury due to strenuous exercise 
and also to delayed onset muscle soreness 
(DOMSK Acute muscle injuries such as mus- 
cle pulte or tears are more likely to occur if the 
muscle fibers or surrounding tissues are so 
taut and inflexible that a sudden stretch caus- 
es tissue injury. The exact cause of OOMS, 
which occurs 24 to 48 hours after strenuous 
exercise, is not known, Evidence suggests 
that it is caused by microscopic damage to 
muscle cell ultrastructure due to excessive 
mechanical force exerted by the muscle and 
connective tissues. DOMS is particularly 
associated with the eccentric phase of a 
movement especially if the person is unac- 
customed to the exercise. Stretching exercis- 
es performed before and after an exercise 
session may help to prevent soreness, and 
also to relieve soreness when it does occur, 
but not all of the evidence suggests this. 

There are three types of stretching to 
increase flexibility: static stretching; dynamic, 
or ballistic, stretching; and proprioceptive 
neuromuscular facilitation. Static stretching 
involves holding a state (nonmoving) position 
so that a)oint is immobilized in a position that 
places the desired muscles and connective 
tissues passively at their greatest possible 
length. A static stretch position should be heW 
for 15 to 30 seconds to achieve optimal 



results (Bandy & Irion. 1994; McHugh et al., 
1992}. Static stretching is best characterized 
as low-force, long-duration stretching and has 
repeatedly been shown to produce good 
results with little muscle soreness. In fact, sta- 
tic stretching is commonly used to reduce 
muscle soreness. Little risk of physical injury 
exists rf static stretching is performed conrect- 
ly. However, static stretching performed just 
before exercise has been shown to transiently 
reduce muscle strength. 

Dynamic, or to hylic:, st*otc"inc is charac 
terized by rhythmic bobbing or bouncing 
motions representing relatively high-force, 
short-duration movements. Ballistic stretch- 
ing motions, while seemingly effective, actu- 
ally invoke stretch reflexes that oppose the 
desired stretching. Muscle stretch reflexes 
are involuntary motor responses controlled 
by the muscle spindle, a sensory organ 
located within the muscle. When a muscle 
spindle is stimulated, an impulse is propa- 
gated over a sensory nerve fiber. The nerve 
fiber synapses in the spinal cord with a 
motor neuron that returns to the muscle con- 
taining the muscle spindle (Figure 1 .9a). This 
reflex causes the suddenly stretched muscle 
to respond with a corresponding contraction; 
the amount and rate of this contraction 
varies directly with the amount and rate of 
the movement causing the initial stretch. 
Thus, ballistic stretching evokes the opposite 
physiological response from the one 
desired— an increase in muscle tension. 

A firm static stretch, on the other hand, 
invokes an inhibition of the stretch reflex by 
stimulating another sensory organ {with a 
higher threshold level) called the Golgi ten- 
don organ. When stimulated, this organ 
causes an inhibition not only of the muscle in 
which the muscle spindle was stretched, but 
also of the entire muscle group (Figure 1 .9b). 
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Thus* static stretching brings about a reduc- 
tion in muscle tension -the desirabte physio- 
logical response. In addition, static stretching 
«s safer 1han ballistic stretching because It 
does not impose a sudden, possibly injurious 
force upon the tissues. 

Atfwd type of stretching, proprioceptive 
neuromuscular facilitation, or PNF, is a tech- 
nique originally developed for rehabilitative 
purposes in physical therapy. PNF invokes 
statically stretching a muscle immediately 
after maximally contracting it against resis- 
tance. Carefully controWed experiments using 
PNF have generally found it to be superior to 
ather static or dynamic stretching. However, 
it is not practical in the majority of cases, as it 
requires a partner trained in the technique. 

General flexibility exercises should be part 
of every physical-frtness program and shouW 
be inducted primarily during the cool-down 
phase a* m&y exercise session. Some gen- 
eral principles specific to the enhancement of 
flexibility include the following: 

• A low-ievel aerobic warm-up (such as 
walking and swinging the arms) should pre- 
cede specific stretching exercises to 
increase blood flow. 
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• Stretching exercises should be per- 
formed without bouncing or jerking, which 
may injure connective tissues and stimulate 
the stretch reflex. 

• Never attempt to stretch a muscle or 
muscle group beyond its normal range of 
motion. 

• All stretching should be done gently 
and only to the extent that muscle tension 
is perceived; stretching should not be 
painful. 

• Instructors should understand that their 
participants will vary greatly in their flexibility. 
Everyone is not equaJly flexible or equalfy 
responsive to flexibility training. 

The Cardiovascular-Respiratory 
Systems 
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Cardiorespiratory endurance is 
defined as the capacity of the heart 
and lung systems to deliver blood 
and, hence, oxygen to the working muscles 
during sustained exercise. Oxygen is used 
to produce ATP to perform low- to moder- 
ate-intensity exercise for long periods. 
The capacity to perform aerobic exercise 
depends largely on the interaction of the 
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cardiovascular system and the respiratory 
system to provide oxygen to the active cells 
so thai carbohydrates and fatty acids GST be 
converted to ATP for musclar contraction. 
These two systems also are important for 
the removal of metabolic waste products 
such as carbon dioxide and lactate, and for 
the dissipation of the internal heat produced 
by metabolic processes. 

There are three basic processes that must 
interact to provide adequate blood and 
nutrients to the tissues: 

1 . Getting oxygen into the blood— a func- 
tion of pulmonary ventilation coupled with 
the oxygen-carrying capacity of the blood 

2. Delivering oxygen to the active tis- 
sues -a function of cardiac output 

3. Extracting oxygen from the blood to 
complete the metabolic production of 
ATP— a function of localizing the delivery of 
cardiac output to the active muscles and 
the oxidative enzymes located within the 
active cells 

See Chapter 2 for information on basic 
cardiovascular and pulmonary anatomy. 

Oxygen-carrying Capacity 

The oxygen-carrying capacrty of blood is 
determined primarily by two variables: the 
ability tb ventilate the lungs adequatefy and 
the hemoglobin content of the blood. 
Pulmonary ventilation ts a function of both 
the rate and depth (tidal volume) of breath- 
ing. With the beginning of exercise, both 
tidal volume and breathing rate increase. 
This increase in ventilation volume brings 
more oxygen into the lungs, where it can be 
absorbed into the blood. In normal individu- 
als, respiration does not limit exercise per- 
formance, However, individuals with 
emphysema {degradation of the alveoli) or 
asthma (constriction of the breathing pas- 



sages) cannot move enough air through 
their lungs to adequately oxygenate the 
Wood, As a result, the Wood leaving the 
lungs is no! sufficiently loaded with oxygen, 
and exercise capacity is diminished. 

Hemoglobin (Hb) is a protein in red blood 
cells that is specifically adapted to bond 
(carry} oxygen molecules. When oxygen 
enters the lungs, it diffuses through the pul- 
monary membranes into the bloodstream, 
where it binds to hemoglobin. The oxygen is 
then carried within the bloodstream through- 
out the body. Persons with low hemoglobin 
concentrations cannot carry as much oxy- 
gen in I heir blood as persons with high 
hemoglobin concentrations. For instance, 
in individuals with anemia (less than 1 2 g 
of Hb per 100 mL of blood), the blood's 
oxygen-carrying capacity is severely limited, 
and they fatigue very easily. In most healthy 
persons, however, the oxygen-carrying 
capacity of the blood is not a limiting factor 
in the performance of aerobic exercise. 

Oxygen Delivery 

Probably the most important factor in car- 
diorespiratory endurance is the delivery of 
blood to the active cells, which is a function 
cr cardiac output. Cardiac output is the 
product of heart rate (HR; beats per 
minute) and stroke volume (SV; the quanti- 
ty of btood pumped per heart beat); 

Cardiac output = HR x SV 

At rest cardiac output averages about 
5 liters (1 .5 gallons) per minute. During max- 
imal exercise, this number can increase to 
up to 30 to 40 liters (10 gallons) per minute 
in highly trained individuals. The increase in 
cardiac output Is brought about by an 
increase in both HR and SV. HR generally 
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increases in a linear fashion up to maximal 
levels, white SV increases up to approxi- 
mately 40 to 50% of an individual's maximal 
capacity and then plateaus. The increase 
In SV is brought about by increases in both 
venous return and in the contractile force 
of the heart, 

Also during exercise, blood flow patterns 
change according to metabolic need- Blood 
is shunted to the working muscles (to pro- 
duce ATP for contraction) and to the skin 
(to dissipate the metabolic heat produced), 
white the amount of blood flowing to less 
active organs such as the kidneys and 
intestinal tract decreases. 

Blood pressure rs also very important in 
btood-flow distribution because it provides 
the driving force that pushes Wood through 
the circulatory system, Blood pressure is 
influenced by many factors. Systolic blood 
pressure is a function of the force generat- 
ed by the heart during its contraction phase 
(systole) and the resistance offered by the 
vessels to the blood flowing through them 
(peripheral resistance). Just as the strength 
of heart contractions can vary, some blood 
vessels (notabty the smaller arteries called 
arterioles} can contract (vasoconstriction) 
or relax (vasodilation) and thus alter tho.r 
resistance to blood flow, a fact important 
in determining the pattern of blood flow. 
During exercise, vasoconstriction occurs in 
the vessels of inactive organs (such as the 
rntestine), and vasodilation occurs in vessels 
of active organs (muscles), thus redirecting 
blood flow to areas of the body where it rs 
most needed. Similar to HR, systolic blood 
pressure increases in a linear fashion 
throughout the range of exercise intensities 
(Figure 1.10). 

Diastolic blood pressure is a measure of 
the pressure in the arteries during the relax- 



ation phase (diastole) of the heart cycle. 
Because of the vasodilation of the blood 
vessels within the working muscles, more 
blood is allowed to enter the muscles. As a 
result, less blood is "trapped" on the arterial 
side of the circulation. Diastolic blood pres- 
sure usually stays the same or decreases 
slightly during exercise (see Figure 1.10). 

Oxygen Extraction 

A third factor important in cardiorespiratory 
endurance is the extraction of oxygen from 
the blood at the cellular level for the aerobic 
production of ATR The amount of oxygen 
extracted is largely a function of muscle 
fiber type and the avaifability of specialized 
oxidative enzymes. The slow-twitch muscle 
fibers are specifically adapted for oxygen 
extraction and utilization due to their high 
Fevels of oxidative enzymes. One of the 
most important adaptations to training is an 
increase in the number and size of the mito- 
chondria, with a corresponding increase in 
the levels of oxidative enzymes used to aer- 
obically produce ATR 
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Figure 1.11 
Oxygen 
consumption 
during aerobic 



Exercise Physiology 

Acute Responses to 
Aerobic Exercise 



Aerobic exercise is best character- 
ized as large-muscle, rhythmic 
activities (e.g., walking, jogging, aer- 
obic dance, swimming, cross-country skiing) 
that can be sustained without undue fatigue 
for at least 10 to 1 5 minutes. Such move- 
ment patterns depend on the oxidative 
metabolic pathways to create ATP, and the 
goal of the body is to be in a steady state, 
where the energy needs are being met aero- 
bicaJly. The other metabolic pathways (the 
phosphagen system and anaerobic glycoly- 
sis) are used only minimally to produce ener- 
gy at the onset of these types of activity. 

Figure 1.11 highlights the changes that take 
place. When aerobic exercise begins, the 
body rapidly responds to increase the quanti- 
ty of oxygen available to produce the ATP 
necessary to meet the molecular demands. 
Cardiac output increases to deliver more 
blood to the active muscle cells. To meet this 
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requirement. HR f SV, and systolic blood pres- 
sure increase immediately. Pulmonary verti a- 
tbn also increases to provide more oxygen to 
the red blood cells in the lungs. 

The bold line in Figure 1 .11 indicates the 
level of oxygen consumption r eqjired at rest 
and the instantaneous increase that occurs 
with commencement of exercise {at upward 
arrow). The line returns to the resting level 
when exercise is abruptly stopped (at down- 
ward arrow). The actual oxygen consumption 
that results from the physiological responses 
to aerobic exercise its indicated by the sloping 
line in the figure. Notice that actual oxygen 
consumption does not immediately meet the 
physiological requirement for oxygen. 
Instead, an oxygen deficit occurs. 

The physiological responses that occur 
with commencement of exercise take 
approximately two to four minutes to meet 
the increased metabolic demands for oxygen. 
During this time, the anaerobic metabolic sys- 
tems- which are capabte of producing ener- 
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gy more rapidly— produce the energy needed 
to cany out the exercise. During this period, 
the phosphagens are depleted, and excess 
lactate is produced. When the candrorespira- 
tory systems have fully responded, a new lev- 
el of oxygen consumption is achieved. If the 
exercise intensity s not too high relative to 
the body's ability to provide oxygen to the 
muscles, a steady state is achieved. 

With cessation of exercise, the requirement 
for oxygen abruptly returns to the initial rest- 
ing Isvei Again, however, the body responds 
more slowly. As cardiac output, blood pres- 
sure, and respiratory ventilation return to 
resting levels, oxygen consumption slowly 
declines as well, but is still elevated above 
resting levels. This is called excess post- 
exercise oxygen consumption (EPOC), The 
energy produced during this time is used to 
replenish the depleted phosphagens, to elim- 
inate accumulated lactate if it has not afready 
been cleared from the btood, and to restore 
other homeostatic conditions. 
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If exercise intensity is so high that the body 
cannot meet all of the metabolic demands of 
the muscles aerobically (i.e., not reach a 
steady state), the muscles have to supple- 
ment ATP production via anaerobic metabo- 
lism. When this occurs, one is said to have 
exceeded the anaerobic threshold (AT). 
When someone exceeds their AT, lactate 
accumulates very rapidly in the blood, the 
oxygen deficit and corresponding EPOC are 
extremely high, and exercise cannot be per- 
formed for more than a few minutes {Figure 
1.12). It is also at this point that hyperventila- 
tion begins to occur. As the body tries to 
buffer the lactate (remove it from the system), 
one of the by-products is carbon dioxide 
(COa). Carbon dioxide provides a powerful 
stimulus to the respiratory system, and the 
body increases respiration in an attempt to 
"blow off- the excess C0 2 . This increase in 
respiration is often called the ventilatory 
threshold (VT) and is often used as an indi- 
rect indicator of the AT. 
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Exercise Physiology 

Guidelines for Improving 
Cardiovascular-Respiratory 

Endurance 

When developing an exercise program, it 
is important to individualize it for each partici- 
pant- There are four bas»c variables to consider 
when developing an exercise program to 
improve cardiovascular-respiratory endurance: 

1 . Exercise intensity -how hard to exercise 

2. Exercise duration— how long to exercise 

3. Exercis-e frequency— how often to 
exercise 

4. Exercise mode— what type of exercise 
The following general recommendations are 

based upon well-established guidelines from 
the American College of Sports Medicine. 

Intensity of Exercise 

The principles of aerobic.: and andflfobic 
energy production make it clear that to 
improve cardiorespiratory endurance, the 
exercise needs to be conducted within an 
aerobic-training zone- Exercise at too great 
an intensity for a client's level of fitness will 
rely on the anaerobic systems* not the aerobic 
systems. Research shows that an acceptable 
exercise intensity for fitness improvement is 
m the range of about 40 to 85% of heart-rate 
reserve, which corresponds to approximately 
60 to 95% of maximum heart rate. The ranges 
are broad because genetic factors, as well as 
initial fitness level, influence the degree of 
improvement. The higher a client's initial level 
of fitness, the higher the appropriate exercise 
intensity. Research also shows that very 
deconditioned individuals may improve aer- 
obic fitness at intensities below the minimal 
intensities listed above. 



60 minutes. In general, the lower the intensi- 
ty, the longer the duration needs to be. 
Individuate training at a low intensity should 
exercise for at least 30 minutes, white 20 to 
30 minutes may be sufficient for individuals 
who are training at higher intensities. While it 
was previously thought that activity must be 
sustained for the minimum time to cause ade- 
quate aerobic overload, subsequent research 
has shown that three 10-minute sessions will 
lead to the same improvements as one 
30-minute session if they are done at the 
same relative intensity (Franklin, 1999; Murphy 
& Hardmaa 1998; Jakkac et aL 1 995). 

Because aerobic training is related to the 
oxygen cost of activity, there is an inverse 
relationship between intensity and duration. 
If intensity is increased, the duration can be 
decreased and a similar training effect will 
be achieved- Conversely, if the intensity is 
decreased, the duration must be increased 
to elicit the same training effect. In general 
terms, when the cells of the body consume 

1 iherfaooul I quart) of oxygen per rrinule, 
about 5 kilocalories per minute have been 
expended (1 liter (Vmin = 5 kcal/min). If 

2 liters per minute are consumed, the expen- 
diture would be about 1 kilocalories per 
minute. For example, waflking costs approxi- 
mately 5 kcal/min and jogging costs approxi- 
mately 10 kcal/min. So jogging for 30 minutes 
would use about 300 kilocalories {1 x 30 = 
300), which is the same as 60 minutes of 
walking (5 x 60 = 300). Therefore, walking for 
twice as long as jogging will result in approxi- 
mately the same training effect- This is an 
especially important consideration for the 
deconditioned client 
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Duration of Exercise 

The recommended time that an individual 
should exercise aerobically ranges from 20 to 
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Frequency of Exercise 

The proper type of activity, done at the cor- 
rect intensity and continued for a sufficient 
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length of time, must be performed at least 
three days per week. While training three days 
per week may be sufficient, especially for 
those just beginning an exercise program, 
more freQuent exercise, such as a brisk daily 
wart, Is certainfy acceptable, It also will lead to 
more rapid improvements. Keep in mind that it 
is in>portant to altow for adequate rest and 
recovery to minimize the risks associated with 
training. Most experts encourage even com- 
petitive athJetes to take at least one day per 
week for rest or a low-intensity recreational 
activity,, such as a round of golf. 

Interval training invokes exercising at high 
intensity levels (80 to 100% of maximal HR) 
for relatively brief periods (usually 10 seconds 
to five minutes) with intervening rest or relief 
periods (walking, jogging) that allow HR to 
decline. The exercise periods often are 
"anaerobic" rather than "aerobic," For ath- 
letes in training, interval training may offer an 
Hovantaqo. because the higher ntensity may 
more accurately simulate competitive condi- 
tions and result in improved performance. An 
athlete can thus maintain a faster pace before 
going into anaerobic metabolism. Generally, 
however, continuous exercise at lower levels 
of intensity is safer and more compatible with 
the goals of most individuate. Lower-intensity 
continuous training is tess stressful to the 
musculoskeletal system and, therefore, more 
appropriate for middle-aged and older adults. 

Mode of Exercise 

To induce changes in aerobic capacity, it is 
recommended that the activity involve large 
muscle groups and be rhythmic in nature. 
Most traditional locomotive-type activities are 
considered to be good aerobic exercises {e.g., 
walking, running, cross-country skiing, swirrv 
ming, rowing, cycling, stepping) because they 
utilize the large muscles of the body and can 



be continued for prolonged periods. There is 
very little difference in the degree of aerobic 
improvement between various exercise 
modes, as long as they are conducted at the 
same relative intensity. Exercises that simulta- 
neously utilize the upper and lower body (e.g.. 
cross-country skiing, combined upper- and 
lower-body cycle ergometry) may have an 
added benefit, as they increase total-body 
muscular endurance and allow the work to be 
shared by both the upper and lower body, 
thus minimizing local muscular fatigue. This 
may allow more total work to be completed in 
a workout, resulting in greater total caloric 
expenditure. 

It should be noted that the recommenda- 
tions concerning intensity, frequency, dura- 
tion, and mode of exercise relate specifically 
to improving aerobic capacity and are dis- 
tinctly different than the recommendation by 
the Sutgeon General that adults accumulate 
at least 30 minutes of moderate-intensity 
physical activity on most, if not all, days of the 
week. This "physical activity" can include 
everyday activities {e.g., gardening, mowing 
the lawn). Doing so will improve the overall 
health and welf-being of the general popula- 
tion. If the guidelines provided by the 
American College of Sports Medicine are 
adhered to, the Surgeon General^ recom- 
mendations also will be met. 

Warm-up and Cool-down 

The period of exercise at the desired tar- 
get heart rate should be preceded by a 
warm-up of about five to 10 minutes. The 
warm-up should include limbering exercises 
to prepare the musculoskeletal system for 
the exercises to be performed. Static 
stretching -holding a steady stretch with 
the desired muscles at their greatest possi- 
ble length— is beneficial to joints and 
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muscles and may help to prevent injuries 
and muscle soreness. Wann-up activities 
should also include large-muscle move- 
ments to gradually increase HR P blood pres- 
sure, cardrac output, and respiratory venti- 
lation to intermediate levels so that these 
mechanisms are not suddenly taxed. A 
proper warm-up may also reduce the inci- 
dence of exercise-induced cardiac abnor- 
malities such as arrhythmias (abnormal 
heart rhythms) or ischemia (lack of blood 
flow to the heart muscle). 

It is important to cool down gradually after a 
period of vigorous exercise. Abruptly stopping 
exercise after a vigorous workout may allow a 
large qj:-ntity d i.ikxjr.l in poa m the ower 
extremities, reducing venous return. As a 
result, cardiac output is reduced and blood 
flow to the brain is diminished, which may 
cause dizziness or faln-tness. It is best to pro- 
vide a series of movements during the cool- 
down period that allows the muscles and car- 
diorespiratory system to gradually return to 
their pre-exercise levels, A gradual cool-down 
also aids in the removal of accumulated lactic 
acid and may prevent cardiac arrhythmias fol- 
lowing strenuous exercise. When heart rates 
are near resting levels, muscle stretching and 
limbering exercises should again be per- 
formed to reduce the risk of developing 
DOMS. Probably the most effective time to 
perform flexibility exercises is when muscles 
are warm and body temperature is elevated 
after exerciseu 

Use of Hand or Ankle Weights 
With Aerobic Exercise 

Individuals often seek ways to increase the 
intensity of an aerobic workout- Adding extra 
weight in the form of hand, wrist, or ankle 
weights increases the total mass that must be 
moved, so it seems logical that using extra 



weight would be beneficial in boosting the 

physiological demands of an activity. 
Research on the use of hand or wrist weights 
during a variety of different aerobic activities 
(e.g., walking, traditional aerobics, step aero- 
bics) is very consistent and indicates that the 
use of 1 - to 3-pound (450 to 1 350 g) weights 
can increase heart rate by five to 1 beats per 
minute and oxygen consumption (as well as 
caloric expenditure) by about 5 to 15% com- 
pared to performing the same activity without 
weights. Weights greater than 3 pounds 
(1350 g) are not generally recommended, 
because they may put undue stress on the 
arm and shoulder muscles. Additionally, 
wrist weights are preferred over hand 
weights because they don't have to be 
gripped, which can cause an elevated 
blood-pressure response in some people. 
The beneficial effect of ankle weights is 
lower than that of either hand or wrist 
weights. Weights ranging from 1 to 3 pounds 
(450 to 1 350 g) can increase HR by an aver- 
age of three to five beats per minute and 
oxygen consumption by 5 to 10% over 
unweighted conditions. A potential drawback 
to the use of ankle weights is that they may 
alter the biomechanics of the lower limbs, 
leading to injury. As a consequence, ankle 
weights are not generally recommended for 
use during aerobic exercise activities. 

Long-term Adaptations to 
Aerobic Exercise for Healthy 
Participants 

When performed appropriately, a 
regular program of aerobic exer- 
cise can have significant physio- 
logical benefits in as little as eight to 12 
weeks. Changes to the cardiorespiratory 
system include improvements in cardiac 
efficiency (increased SV and a lower HR), 
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increased respiratory capacity, and, ulti- 
mately, an increase in maximal oxygen con- 
sumption (V0 2 rnax). These improvements 
provide individuals with a greater physiolog- 
ical reserve and allow them to perform 
everyday activities with less stress and 
strain, Regular exercise has also been 
shown to result in lowered blood pressure in 
moderately hypertensive individuals. This 
results in less work for the heart muscle and 
puts less stress on the blood vessels, 

The benefits of aerobic exercise are not lim- 
ited to the cardiovascular and respiratory sys- 
tems- Studies have shown that weightbearing 
exercise promotes improved bone density, an 
extremely important consideration in the pre- 
vention of osteoporosis after age 50 to 60, 
particularly in women. Improvements in the 
control of blood glucose and blood lipids (e.g., 
cholesterol, triglycerides) are also associated 
with consistent physical! activity. One of the 
main reasons many people exercise is to con- 
trol body weight. Exercise obviously burns 
calories, but, just as importantly, exercise 
serves to maintain or increase lean body 
mass, which is vital for maintaining resting 
metabolic rate. It is the decrease in muscle 
mass that contributes to the fall in metabolic 
rate as people age. Finally, the psychological 
benefits of exercise cannot be overlooked. 
Eserclse has long been associated with tower 
levels of anxiety and depression and a higher 
quality of life, 

Long-term Adaptations to 

Aerobic Exercise for Persons 
With Chronic Disease 

A well-planned aerobic-exercise pro- 
gram also can provide significant 
health benefits to persons with chron- 
ic diseases such as diabetes, osteoarthritis, 
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obesity, pulmonary disease, and coronary 
heart disease. 

Individuals with type 2 diabetes have diffi- 
culty utilizing glucose (carbohydrates) for 
energy, due to either a lack of insulin or the 
body's inability to utilize the available insulin 
{insulin resistance). Most of the time, individu- 
als with type 2 diabetes are overweight 
Treatment of type 2 diabetes usually involves 
a three-pronged approach: diet, weight loss, 
and exercise. Exercise enables carbohydrates 
to be used more effectively by promoting glu- 
cose uptake from the blood, thereby reducing 
insulin resistance. Exercise also helps to pro- 
mote weight loss. Exercise programming for 
persons with type 2 diabetes is rarely danger- 
ous or difficult Exercise for individuals with 
type 1 diabetes is much more complex and is 
beyond the scope of this book. Any program 
of exercise for individuals with type 1 diabetes 
must be performed under the guidance of a 
physician. The person with type 1 diabetes 
needs to understand the interactions between 
exercise, glucose uptake, insulin, and carbo- 
hydrate consumption, because exercise can 
result in hypoglycemia, or hazardously low 
Wood sugar, if done inappropriately. 

Osteoarthritis is a gradual, progressive 
degeneration of joint structures that makes 
even normal movements painful. If has been 
speculated that high-impact exercise early 
jn life contributes to the incidence of arthritis 
later on. However, research has found no 
association between exercise intensify and 
the incidence of arthritis, other than the ten- 
dency for arthritic pain to occur in areas of 
the body that have experienced earlier athletic 
injury. In fact, Belong exercisers have been 
found to have less osteoarthritis than nonex- 
erctsers. Maintenance of good flexibility and 
the development of moderate levels of mus- 
cular strength have been found to stabilize the 
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Exercise Physiology 

joints and provide relief for the minor aches 
and pains of arthritis. An exercise program for 
individuals with arthritis should focus on non- 
weightbearing exercise modalities (e.g., sta- 
tionary cycling, water-based exercise) and 
should avoid high-impact stress on the knees, 
hips, and lower badk. 

Obesity (the condition of having excess 
body fat) has become a major health- related 
problem in the industrialized world, Excess 
body weight is associated with a number of 
chronic diseases, including hypertension. 
diabetes, and coronary artery disease. The 
most effective way to lose body weight and 
body fat is through a sound program of caloric 
restriction and low- to moderate-intensity aer- 
obic exercise. Dieting alone is not effective. 
While severe dieting can lead to weight loss, 
the toss is frequently from the lean body mass 
{mainly the muscles) rather than from the fat 
mass of the body, which results in a decrease 
in metabolic rate, An exercise program for the 
obese or overweight client should focus on 
burning the maximum number of calories per 
session and avoiding musculoskeletal injuries. 
The goal should be to perform longer-duration 
(building up to 45 to 60 minutes per day), low- 
to moderate-intensity (40 to 60% of heart- 
rate reserve) exercise five to six days per 
week. Nonweightbearing or tow-impact activi- 
ties should also be stressed {e.g., walking, 
stationary cycling, aquatic exercise). 

People with pulmonary disease are severely 
limited by the amount of air they can move 
into and out of their lungs, The btood does not 
get adequately oxygenated and exercise 
capacity is very low. The most common forms 
of pulmonary disease are emphysema, bron- 
chitis, and asthma. Emphysema and chronic 
bronchitis are usually the result of long-term 
cigarette smoking, whereas the exact cause 
of asthma is unknown, Asthma occurs whan 
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the bronchi (large breathing passages) 
become constricted (bronchospasm), and the 
onset of symptoms is usually retated to irri- 
tants such as tobacco smoke, animal dander, 
and cold air. Some people also experience 
exercise-induced asthma (EIA). The most 
widely aooepted hypothesis for the cause of 
EIA is that airway cooling irritates the lining of 
the respiratory tree and causes the bron- 
chospasm. It was once thought that individu- 
als with pulmonary disease should not exer- 
cise. However, a regular program of aerobic 
exercise has been proven to decrease the 
amount of dyspnea (shortness of breath) in 
individuals with emphysema and bronchitis 
and increase their quality of life. People with 
asthma should also be encouraged to exer- 
cise and to have bronchodilator medications 
readily available if symptoms become severe. 
All patients with pulmonary disease should be 
under the care of a physician. 

Coronary heart disease (CHD) involves 
partfal or total closure of the coronary arter- 
ies, which results in symptoms or signs of 
ischemia (lack of blood flow to the heart mus- 
cle). The American Heart Association has iden- 
tified a number of factors that increase the risk 
of cardiovascular disease. The primary risk 
factors are hypertension (elevated blood pres- 
sure), cigarette smoking, elevated btood lipid 
levels, and physical inactivity. Secondary risk 
factors include family history of heart disease, 
obesity, diabetes, being male, age over 65 for 
women and over 55 for men, and a high level 
of emotional stress. Obviously, little can be 
done to change one's age, gender, or family 
health history, but lifestyle changes can signifi- 
cantly alter the other risk factors. Regular par- 
ticipation in a well -planned aerobic exercise 
program has been shown to reduce high blood 
pressure, senjrn lipid levete r body fat, emotion- 
al stress, and cardiovascular mortality, Safety 
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is a primary issue when developing exercise 
programs for individuate with cardiac disease. 
Patients should be under the care of a physi- 
cian and may require an exercise stress test 
to guide the exercise program design, 

Hormonal Responses 
to Exercise 

The endocrine system plays a major 
role in regulating the body's response 
to exercise and training by releasing 
various hormones via glandular secretion, 
After binding to specific receptors on a target 
cell, these hormones perform a number of 
functions in the body, such as regulating cellu- 
lar metabolism, facilitating the cardiovascular 
responses to exercise, and modulating protein 
synthesis. The hormonal response to exer- 
cise is very complex, and the integrated 
response of the various systems provides 
the changes necessa/y to help the body 
make the acute and chronic adaptations to 
exercise training. A brief description of the 
major hormonal responses to exercise is 
presented below. 

• Growth hormone (GH) is secreted by the 
anterior pituitary gland and facilitates 
protein synthesis in the body, Many 
effects of growth hormones are mediated 
by insuHn-Nke growth factors (IGF I and 
IGF II), which are synthesized in the liver 
as a result of GH release during exercise. 

• Antidiuretic hormone (ADH), which is also 
called vasopressin, is released by the 
posterior pituitary gland during exercise. 
As its name implies, its primary function 
fs to reduce urinary excretion of water. By 
conserving water during exercise, it helps 
to prevent dehydration. 

• Epinephrine a^d norepinephrine are 
called catecholamines and are released 
by the adrenal medulla. They are released 



as part of the sympathetic response to 
exercise (the "fight or flight" mechanism) 
and play two major roles. One rote is to 
increase cardiac output by increasing 
heart rate and contractility during exer- 
cise. The second role is to cause 
glycogenotysis (glycogen breakdown) 
in the liver, so that more glucose can be 
released into the bloodstream for use by 
the actively working muscles. 

• Aldosterone and Cortisol are two of the 
main hormones released by the adrenal 
cortex. Aldosterone plays a role in limit- 
ing sodium excretion in the urine, which 
serves to maintain electrolyte balance 
during exercise. Cortisol is a glucocorti- 
coid and plays a major role in maintaining 
blood glucose during prolonged exercise 
by promoting protein and triglyceride 
breakdown. 

* Insulin and glucagon are both secreted 
by the cells of the Islets of Langerhans in 
the pancreas, yet they have opposite 
effects. When blood glucose is high (e.g., 
after a meal), insulin is released from the 
beta eels in the islets of Langerhans to 
facilitate glucose removal from the btood 
and return blood glucose to a normal 
range. When blood glucose levels are 
low (e.g., during prolonged endurance 
exercise), glucagon is released from the 
alpha cells in the islets of Langerhans to 
stimulate glucose release from the liver to 
increase blood glucose. Glucagon also 
causes the release of free fatty adds 
from adipose tissue so that they can be 
used as fuel. 

» Testosterone (released by the testes) and 
estrogen (released by the ovaries) are the 
primary male and fena e sex hcrrones, 
respectively. Testosterone is responsible 
for the masculine characteristics associated * 
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with manhood (androgenic effects) and 
also has anaboic (muscle-building) 
effects. Because of their potent anabolic 
effects, testosterone and its derivatives are 
often abused in attempts lo enhance ath- 
letic performance. Estrogen is responsible 
for the feminine characteristics associated 
with being a woman and also plays a major 
role in bone formation and maintenance. 
High levels of chronic exercise training 
have been shown to decrease estrogen 
levels to the point where some femafle ath- 
letes no longer have their menstrual cycle 
(amenorrhea). Amenorrhea has been 
associated with osteoporosis and 
increased risk of bone fractures. 

Environmental Considerations 
When Exercising ____ 

Exercising under extreme environmental 
conditions can add significant stress to 
the cardiovascular system, Special pre- 
cautions need to be taken when exercising in 
the heat or cold, at h»gh altitude, or in the 
presence of pollution. 

Exercising in the Heat 

Considerable metabolic heat is produced 
during exercise. To reduce this internal heat 
load, venous blood is brought to the shin sur- 
face {peripheral vasodilation) to be cooled. 
When the sweat glands secrete water onto the 
skin, it is evaporated, wfuch serves to cool the 
underlying blood- If environmental conditions 
are favorable, these mechanisms will ade- 
quately prevent the body temperature from ris- 
ing more than about 2 to 3* R even during 
heavy exercise- 
When exetcising in the heat, however, dssst- 
pating internal body heat is difficult, and exter- 
nal heat from the environment may significant- 
ly add to the total heat load. This results in 



a higher-than-normal heart rate at any given 
level of exercise. For example, if someone 
walks at 3 miles per hour and their heart rate is 
normally 125 beats per minute, walking at the 
same speed in the heat may result in a heart 
rate of 135 to 140 beats per minute. Thus, 
exercisers (regardless of the type of exercise 
performed) need to decrease their absolute 
workload in the heat to stay within their target 
HRzone. 

This elevated HR comes about primarily for 
two reasons. First, as the body tries to cool 
itself, the high degree of vasodilation in the 
vessels supplying the skin phoncm venous 
return of blood to the heart and SV ctecines. 
The heart attempts to maintain cardiac output 
by etevating HR, Second, sweating results in a 
considerable toss of body water. If tost fluids 
are not replenished, dehydration eventually 
results, and blood volume declines. This will 
also decrease venous return to the heart. 
Again, the body responds with a higher HR to 
maintain cardiac output 

The most stressful condition in which to 
exercise is a hot, humid environment. When 
the air contains a large quantity of water vapor, 
sweat will not evaporate readily Since it is the 
evaporative process that cools the body, ade- 
quate cooling may not occur in humid condi- 
tions. Under these conditions, heat exhaustion 
and heat stroke become dangerous possibili- 
ties. Heat exhaustion usually develops in unac- 
climatized individuals and is typically a combi- 
nation of inadequate circulatory adjustments to 
exercise coupled with fluid loss. Heal stroke is 
a complete failure of the heat-regulating mech- 
anisms, with core temperature exceeding 
105* F (41 c C). Both conditions require imme- 
diate medical attention, Symptoms of heat 
exhaustion and heat stroke, as well as treat- 
ment options, are presented in Table 1-2. Table 
1 .3 combines measures of heat and humidity 
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Exercise Physiology 

into a simple-to-use beat index. The heat 
index provides guidelines regarding when 
exercise can be safely undertaken, and when it 
should be avoided. 

Below are some additional tips for exercis- 
ing in the heat: 

• Begin exercising gradually in the heat 
Becoming acclimatized to exercising in 
the heat takes approximately one week to 
1 days. Start by exercising for short peri- 
ods of time each day. 

• Always wear lightweight, well-ventilat- 
ed clothing. Cotton materials are cooler; 
most synthetics retain heat. Wear light- 
colored clothing if exercising in the sun; 
white reflects heat better than other colors, 

• Never wear impermeable or nonbreath- 
able garments. The notion that wearing rub- 
ber suits or nonbreathable garments adds to 
weight loss is a myth. Wearing impermeable 
clothing is a dangerous practice that could 
lead to significant heat stress and heat injury. 

• Replace body fluids as they are lost 
Drink fluids at regular intervals white exercis- 
ing, but avoid overhydration, which, although 
relatively rare, can be as dangerous as dehy- 
dration. Frequent consumption of small 
amounts of fluid, designed to minimize sweal- 
related weight loss, is the best approach. 

• Recording daily body weight is an 
excellent way to prevent accumulative 
dehydration. For example, if 5 pounds 
(2-25 kg) of body water is lost during aerobic 
exercise, this water should be replaced before 
exercising again the next day If lost water has 
not been regained, exercise should be cur- 
tailed until the body is adequately nehydrated. 

Exercising in the Cold 

The major problems encountered when 
exercising in the cold are associated with an 
excessive loss of body heat, which can result 



in Hypothermia or frostbite. Additionally, the 
cold can cause a generalized vasoconstriction 
that can increase peripheral resistance and 
blood pressure. This may cause problems in 
people who are hypertensive or who have 
heart disease. Following exercise, chilling can 
occur quickly if the body surface is wet with 
sweat and heat loss continues. 

Heat loss from the body becomes greatly 
accelerated whftr then Is B Strong w nd 
The wrndchill factor can be quite significant. 
Similar to the heat index chart, Table 1.4 
provides the various combinations of tem- 
perature and wind velocity that can be used 
as guidelines when deciding if it is safe to 
exercise in the cold. 

Below are some additional tips for exercis- 
ing in the cold: 

• Wear several layers of clothing. By lay- 
ering clothing, an exerciser can remove and 
replace garments as needed, When eserctse 
intensity is high, remove outer garments. 
Then, during periods of rest, warm-up, cool- 
down, or low-intensity exercise, put them 
back on. A head covering is also important, 
because considerable body heat radiates 
from the head, 

• Allow for adequate ventilation of sweat. 
Sweating duing heavy exercise can soak 
inner garments, If evaporation does not readily 
occur, the wet garments will continue to drain 
the body of heat during rest periods, when 
retention of body heat is important, 

• SeJect garment materials that allow 
the body to give off body heat during 
exercise and retain body heat during inac- 
tive periods. Cotton is a good choree for 
exercising in the heat because it readily 
soaks up sweat and allows evaporation; for 
those same reasons, however, cotton is a 
poor choice for exercising in the cold. Wool 
is an excellent choice when exercising in the 
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cold because, even when it is wet r it main- 
tains body heat. Newer, synthetic materials 
(e.g., polypropylene) are also excellent choices, 
as they wrck sweat away from the body, thus 
preventing heat loss. When windchill is a 
problem, nylon materials are good for outer- 
wear. Gare-Tex* like materials, although 
much more expensive lhan nyfon, are proba- 
bly the best chofce for outerwear because 
triey can block the wind, are waterproof, and 
alow moisture to move away from the body, 

» Replace body fluids in the cold, just 
as in the heat. Fluid replacement is vitally 
important when exercising in cold air. Large 
amounts of water are lost from the body 
during even normal respiration and this 
effect becomes magnified when exercising. 
Because sweal tosses may not be as obvious 
as when exercising in the heat, monrtoring 
of body weight over several days is recom- 
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mended. (See Chapter 4 for recommended 
fluid intakes.) 

Exercising at Higher Altitudes 

At moderate-to-high altitudes, the partial 
pressure* of oxygen in the air is reduced. 
Because there is less pressure to drive the 
oxygen molecules into the blood in the rungs, 
the oxygen earned in the blood is reduced. 
Therefore, a person exercising at high altitude 
will not be able to deliver as much oxygen to 
the exercising muscles and exercise intensity 
will have to be reduced (e.g., the person will 
have to walk or run slower) to keep his or her 
HR in a target zone. 

Signs and symptoms of altitude sickness 
include shortness of breath, headache, light- 



' Partial pressure is lha pressure or each gas in a mOOpfe^as 
system suet, as ar, when * composed of nitrogen, a^gen, an) 
carton dioxide. 
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headedness, and nausea. Generally, altitude 
sickness can be avoided by acclimatizing 
oneself properly. This means gradually 
increasing exercise and activity levels over the 
span of several days. Using a prolonged 
wanm-up and cool-down and incorporating 
frequent exercise breaks at a lower intensity 
should help most people acclimate to exercis- 
ing at higher altitudes. 

Air Pollution 

Some areas of the country have a high 
degree of airborne pollutants (smog) that 
can adversely affect exercise performance. 
These pollutants are the result of the Com- 
bustion Of fOSS I fuels a. id pt rrnri y inrL.de 

ozone, sulfur dioxide, and carbon monox- 
ide, When these airborne particles are 
inhaled, they can have a number of deleteri- 
ous effects on the body, such as irritating 
the airways and decreasing the oxygen-car- 
rying capacity of the blood, both of which 
hamper performance. In individuals with 
cardiovascular disease, proJongied exposure 
to air pollution can even induce ischemia 
and angina. The overall physiological 
effects are determined by the degree (or 
dose) of pollutants to which an individual is 
exposed. This dose is related to the amount 
of pollutants in the air, the length of expo- 
sure, and the amount of air breathed. 
Practical suggestions to minimize the 
effects of air pollution include exercising 
early in the morning to avoid the build-up of 



pollutants associated with increased vehic- 
ular traffic, and avoiding high-traffic, urban 
areas. Similar to when exercising in the heat 
or at altitude, exercise pace may need to be 
reduced to keep HR in the appropriate train- 
ing range. Under extreme conditions, exer- 
cising indoors is probably the best choice. 

Summary 



This chapter is designed to provide 
the group fitness instructor with 
basic principles of exercise physiolo- 
gy. Considerable space has been devoted 
to the presentation of aerobic and anaero- 
bic metabolism, because the principle of 
specificity clearly dictates that physiological 
adaptations are specific to encountered 
stresses. The group fitness instructor must 
understand the various methods of applying 
progressive overload and the physiological 
adaptations that result. Too often, the exer- 
cising public falls victim to the poor advice 
of exercise teachers, coaches, and other 
"experts" who fail to apply the concept of 
exercise specificity because they simply do 
not understand basic principles. 

A large amount of information has been giwn 
in a relatively small amount of space. The 
emphasis has been on basic understanding 
rather than on detailed explanation. Students of 
this material are strongly encouraged to seek 
further knowledge of exercise physiology and 
the principles of physical fitness and human 
movement through more advanced study. 
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